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This study was concerned with comparing ins! rud.ional D1ethods 
used in three schools, the University of Utah, Utah State University 
and Weber State College, in training IT1edical technologists. 
The University of Utah IT1edical technology group consisted of 28 
students. The instructors we re practicing IT1edical te chnologists froIT1 
the University Medical Center Laboratory and they eIT1ployed an instruc-
tional IT10del siIT1ilar to the classical lecture and deIT1onstration IT1ethod. 
The Utah State Unive rsity group contained 16 students and also enlployed 
the classical lecture and demonstration rnodel. The inst-ruch)!" was a 
Doctor of Microbiology on the college faculty with no previous training 
in IT1edical technology. The Weber State College group contained 17 
students. The cOIT1petency based educational IT10del was used with this 
group. The instructor was a IT1edical technologist on the faculty of 
the DepartIT1ent of Health Occupations. 
In order to COIT1pare these three instructional IT1ethods, a IT10dule 
was designed around one specific comprment of basic heIT1atological 
knowledge, the diffe rent blood count. Included in the IT10dule was: 
(1) topic; (2) suggested teaching and student preparation tiIT1e; (3) de-
scription of tests and sample test items; and (6) learning resources 
available. Statistical comparisons were computed on scores of pre 
tests, post tests and gain scores between pre test and post test scores. 
Analyses of variance, t tests and Newman- Keuls two-step comparison 
of the means were used to evaluate the following: 
1. Differences, if any, across the three colleges on pre test 
scores of students enrolled in the Introductory Hematology 
classes. 
2. Differences, if any, across the three colleges on post test 
scores of students after exposure to the three instructional 
methods. 
3, Differences, if any, across the three colleges on gain scores 
of students taught by the three instructional methods. 
The results of these analyses are summarized below: 
1. Post test score s of all three groups were significantly higher 
than pre test scores (p< • 001) regardless of instructional 
methods used. 
2. Significant differences among the three groups were obtained 
for pre test scores (p <.01), post test scores (p <.001) and 
gain scores (p <. 001). 
3, Both Utah State University and the University of Utah groups 
obtained significantly higher mean scores than the Weber State 
lX 
College group (p <:.01) on the pre test. Differences between 
the University of Utah and Utah State Unjv(~rsjLy groups on the 
pre test were not significant. 
4. Both the University of Utah and Weber State College groups 
obtained significantly higher mean scores than the Utah State 
University group (p <:.01) on the post tests. Differences be-
tween Weber State College and the University of Utah groups 
on the post tests were not significant. 
5. Both the University of Utah and Weber State College groups 
a btained significantly higher mean gain score s than the Utah 
State University group (p <, 01). 
6. The significant difference in scores on the pre tests between 
the University of Utah group and the Weber State College group 
was not reflected in differences in gain scores as their mean 




Contemporary psychological and educational literature is filled with 
re search de signed to examine the merits or potential merits of new 
instructional methods for use in academic settings. Some methods have 
proved useful in limited settings on limited subject matters. No method 
has been universally acclaimed for all students, subject matters and 
settings. 
One particular area, paramedical personnel training, is curiously 
devoid of documented studie s comparing the effects of different illstrnc-
tional methods. This may be a result of the type of training progranls 
developed. 
Historically, most paramedical personnel were trained entirely 
in health care facilitie s. Learning was experientially and behaviorally 
oriented since the students were interning in working institutions and 
not restricted to classrooms and student laboratories. Mastery of vari-
ous procedure s and skills was accomplished along alternate route s in 
variable amounts of time depending on the individual student. Evalu-
ation was conducted by registered technologists when the student indicated 
he was ready. Once mastery was demonstrated the student was allowed 
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to work with patient saITlples. Certification was accoITlplished by na-
tional registry exaITlinations in the various specialities after cOITlpletion 
of a specified period of training. 
Registered per sonnel had no forITlal background in education and 
teaching often took a back seat to the routine work load. As a result, 
teaching ITlethods were haphazard with little standardization or control. 
Today with the greater need for trained health care ITlanpower and 
the cry for accountability, pressure is being applied to have colleges 
and universities aSSUITle ITlore of this training. With the advent of Medi-
care and second party payers, the cost of training and teaching facili-
ties can no longer be incorporated into patient care fees. As the cost 
of these prograITls is high, the hospital cannot afford to provide the 
entire training. College sand univer sitie s ITlust, then, provide the teaching 
and training on caITlpus. 
As this training was accoITlplished in hospitals for such a long period 
of tiITle, there is little data available on teaching health care special-
ities in an acadeITlic setting. In the health care field where one is dealing 
with life and death daily, cOITlpetence is a ITlatter of necessity. A train-
ing prograITl cannot be content with simple validation of course content. 
The student ITlust be required to deITlonstrate certain skills upon COITl-
pletion of the prograITl. Appropriate teaching technique s ITlust be eITl-
ployed to insure that stated objectives are attained. There is an urgent 
need for standardization and accountability in health care training. 
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To begin to meet this need this study inve stigated three methods 
used at the present time to train nwdical technologists in academic 
setting s. 
Statem.ent of the Problem. 
This inve stigation was concerned with com.paring instructional 
m.ethods used in three schools, the University of Utah, Utah State Uni-
versity and Weber State College, in training m.edical technologists. 
The program. at Utah State Univer sity utilized the c1as sical or "conven-
tional" m.ethod of instruction characterized by form.allectures from 
a professor with demonstrations in a student laboratory. The program 
at the University of Utah also utilized the conventional format with one 
im.portant difference. Instructors were registered m.edical technologists 
affiliated with the Univer sity Medical Center Laboratory. The program. 
at Weber State College utilized a com.petency based m.odel of instruc-
tion with registered m.edical technologists as instructors. 
In order to study these three instructional m.ethods a m.odule was 
designed around one specific com.ponent, the differential blood count, 
a part of a com.plete blood count and a routine hem.atological procedure. 
To accom.plish an accurate differential count the student m.ust inte-
grate m.any of the concepts and principles he has learned about blood 
cells and their m.orphology. He m.ust interpret what he see s with a 
m.icroscope into a concise num.erical evaluation for the physician. As 
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this task involves many levels of hematological knowledge, it was de-
cided that it would be most representative of overall knowledge and 
skills obtained in an introductory hematology course. 
This module was used to evaluate the various instructional meth-
ods. Included in the module was: (1) topic; (2) suggested teaching and 
student preparation time; (3) description of the intended learners; 
(4) unit objectives; (5) description of tests and sample test items; and 
(6) learning resources available. Comparisons of student performance 
under the three instructional methods were made using scores obtained 
from pre tests and post tests and gain scores calculated from differences 
between pre test and post test score. 
Purpose 
The purpose of this study was to compare the following: 
1. Differences, if any, across the three colleges on pre test 
scores of students enrolled in the Introductory Hematology 
classe s. 
2. Differences, if any, across the three colleges on post test 
score s of students after exposure to the three instructional 
methods. 
3. Differences, if any, across the three colleges on gain scores 
of students taught by the three instructional methods. 
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Hypotheses 
The hypotheses are divided into two groups - those applying to com-
parisons made within each group and those applying to comparisons made 
along the groups. 
Comparisons Within Groups 
The following null hypotheses apply to cornparisons made between 
pre test and post test score s within each group: 
1. There are no significant difference s between score s on pre 
test and post tests of students in the University of Utah group. 
2. There are no significant differences between scores on pre 
tests and post tests of students in the Utah State University 
group. 
3. There are no significant differences between scores on pre 
test and post tests of students in the Weber State College group. 
Comparisons Among Groups 
4. There are no significant difference s acros s the three college s 
in mean scores on the pre tests. 
5. There are no significant differences across the three colleges 
in mean scores on the post tests. 
6. There are no significant differences across the three colleges 
in mean gain scores from pre testing to post testing. 
Methodology 
The module on the differential count was similar in design to the 
packets used to measure teaching proficiency in the Danforth Project 
at the University of Utah. The module and the Danforth Project are 
de scribed in Chapter III under the heading, "Instruments Used. " 
The objectives and content of the packet were evaluated by experts 
in the field of hematology for validity of goals and educational object-
ives used to obtain these goals. The pre tests and post tests were also 
evaluated for clarity and adherence to the objectives. 
After evaluation and revision the packets were presented to the 
instructors of the college based hematology clas se s taught at the Uni-
versity of Utah, Utah State Univer sity and Weber State College. Pre 
tests were administered to students in these classes. After the instruc-
tion period, post tests were administered to the same students. 
Mean scores on pre tests, post tests and gain scores were statis-
ticallyanalyzed. Analyses of variance, t tests, and Newman Keuls 
multiple range test were used when applicable to test for the existence 
of significant differences. Bartlett's test for homogeneity of variance 
was also run on the pre test scores. 
Definitions 
"Conventional" instructional model - Instructional model charac-
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terized by formal lectures and demonstrations in a lecture hall by an 
inBtructOl' 011 the colll~ge faculty usually with an eciul'ationa.1 ra.nking. 
Competency based instructional model [C BE] - Instructional model 
characterized by written goals and objectives with pacing of learning 
experiences and evaluations determined by student progress and ability. 
Differential blood count - Hematological procedure performed on 
a stained blood smear under a microscope. 
Hematology - That branch of biology which deals with the morph-
ology of blood and blood forming tissues. 
Hematology expert - Registered Medical Technologist who has 
worked in a hematology laboratory for a minimum of three years. 
Paramedical personnel - Personnel having a secondary relation-
ship to medicine. This excludes medical doctors who are defined as 
having a primary relationship to medicine. 
Registered personnel - Personnel having completed a specified 
period of training and successfully passed a national registry examin-
ation in their particular specialty. 
Delimitations 
This study was limited to undergraduate students who were enrolled 
in introductory courses in hemtology based in an academic setting rather 
than a clinical facility. 
No attempt was made to limit the number enrolled in each group. 
Students were not sub grouped by sex, grade point average or nurnber 
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of quarter hours completed prior to enrolling in the class. 
No attempt was made to control number of hour s students were 
enrolled in concomitantly with the introductory clas s. 
Significance of the Study 
At the present time there is a lack of documented studies concerning 
the effects of various instructional methods on pararnedical per sonnel 
training in academic settings. As the pressure is mounting to have 
colleges and universities assume more and more of this training, re-
search is needed to provide data for administrators, curriculum planners 
and faculty who will be involved in setting up these college-based pro-
grams. The results of this study should be useful to these people in 
selecting instructional methods and backgrounds and training required 
of faculty for these specialh';ed fields of study. 
The education of health care personnel is too important and too 
vital to be relegated to the trial and error developmental method. 
Standardization and accountability are vital if the college sand univer-
sitie s are to efficiently fill the gap left by the dismanteling of ho spital 
training programs. 
CHAPTER II 
REVIEW OF RELATED LITERATURE 
According to Kuhli (1971) health and education are two of the lar-
gest occupational groups in the country. He estimated that four million 
people were employed in the health occupation fields in 1971. The ratio 
of allied health workers to physicians was approximately twelve to one. 
With the greater need for trained health care manpower and the cry for 
accountability, pressure is being applied to have colleges and univer-
sities assume more of the health care training previously provided by 
ho spital programs. 
Published data concerning college - based allied health care educa-
tional programs and instructional methods is confined to the field of 
nursing and medical schools. Articles concerning other allied health 
fields are limited to those relating technical developments and tests. 
These are alternated with philosophical discus sions of ethics t manage-
ment and characteristics of the ideal health care worker. Many uni-
versities are now slowly evolving colleges of allied health occupations 
which should result in an increase of research relating to allied health 
education. 
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The investigator could find no published studies relating to com-
parisons of different instructional methods in college - based medical 
technology programs or other allied health professions. Stinnet (19()9) 
has summarized work done on competency based teacher education but, 
again, little re search has been done with competency based education 
in the health occupation fields. 
The literature relating to educational methods used in health occu-
pations fields is examined first. The literature relating to competency 
based education, the instructional method used with the Weber State 
College group, is then described. 
Literature Related to Educational Methods 
Sand and Belcher (1958) have reported on a five year curriculum 
research project in basic nursing education at the University of Wash-
ington School of Nursing. Two of the problem areas they identified were: 
(1) developing an effective sequence and organization of learning activi-
tie s to attain essential profe s sional competencie s; and (2) determining 
the minimum length of time required to prepare a competent bedside 
nurse. Their findings relative to these questions supported their newly 
de signed, shortened experimental program as the students in the experi-
mental program did comparable work to those in the longer degree pro-
gram as measured by performance on the nursing boards. 
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Their conclusions based on this data were rather general. They 
are as follows: 
1. Shortening the time needed to prepare a professional nurse can 
be accomplished if at the same time the program is improved. 
2. Shortening the time required to prepare a professional nurse 
required identification of those understandings, attitudes and 
skills that can best be learned on the job through in-service 
education, (Sand & Belcher, 1958, p. 138). 
There also have been some studies done relating the new educa-
tional innovations of programmed instruction, television and video tapes 
to nursing education. 
Seedor (1963) reported on the success of a programmed unit of 
instruction concerning asepsis. She concluded that nursing curriculum 
content could be programmed successfully. The majority of students 
using the teaching machines learned the material in roughly one half 
the usual time. 
Griffin, Kinsinger and Pitman (1965) studied the use of closed cir-
cuit television to teach clinical nursing. They concluded that the use 
of closed circuit television in the hospital enables an existing number 
of nursing instructors to teach an increased number of students effec-
tively utilizing the same clinical facilities. 
McKay and Harrison (1972) utilized video tape s in a slightly differ-
ent approach. They designed a study to determine if self critique by 
video tapes of a practice session was as effective as teacher critiques 
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of the practice session. Their results indicated that the self critique 
and teacher critique methods produced the same learning levels with 
the anxiety levels of the students not affecting the results significantly. 
Competency Based Education 
Con1petency based education (CBE:) is one of the most recent and 
n10re in1portant approaches on the educational scene. The significance 
attributed to this new concept was demonstrated in Noven1ber, 1972, 
when the IIJournal of Educational Technologyl' devoted an entire issue 
to the elucidation of its major view and developments. In this issue 
Andrews states that all fifty states will soon be n10ving toward the direc-
tion of competency based education and certification. 
CBE is best described by comparing it with conventional systems 
of instruction. Young and Van Mondfrans (1972) summarized a c0I11p,ll'i-
son between the two as seen in Table 1. 
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TABLE 1 
Comparison of Competency Based Education 
and Traditional Methods 
1. Goals and Objectives 
Z Procedure s of 
Instrucbon 
3. Knowledge Learned 
4. Evaluation Proced-
ures 
5. Timing of Evaluation 
6. Timing of Next Set 
of Learning Goals 
Competency Based 
Both teacher and stu-
dent involved; student 
is aware of objectives 
and is often allowed 
some choice. 
Student often has a 
choice of route and 
controls amount of 
time spent on goal. 
Student usually learns 
how to do something. 
Teacher ensures evalu-
ation is consistent with 
objectives. 
Traditional 
Teacher usually sets 
the goals; students 
usually not told what 
they are. 
Teacher usually con-
troIs materials and 
presents all students 
with the same mater-
ials in the same amount 
of time. 
Student may learn 
about something. 
Teacher gives test of 
own design which is 
often unknown to the 
student. 
When student indicates When teacher is through 
he is ready. teaching the unit. 
When student has mas- When last unit has been 
tered last set of goals taught and evaluated. 
and objectives. 
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Upon analysis of Young and Van Mondfran's comparisons there 
seem to be certain advantages implicated for a competency based sys-
tern. One is the achievement of better learning with less frustration 
and anxiety on the part of the student. Conflict between teacher and 
student goals is minimal. Evaluations are consistent with objectives 
and take place when the student is ready. 
Another inherent advantage of this system is the manifestation of 
better student accountability. This advantage is seen in conjunction 
with the better measurements obtained. As the student is aware of all 
the objectives which must be met to reach a specific goal he is, there-
fore, necessarily accountable for all of these objectives. Measure-
ments are also more reliable as they evaluate only achievement of 
prescribed goals. In essence the students are not trying to out guess 
the teacher and his particular test design and, therefore, the student's 
true mastery of the subject is evaluated. 
Corroboration is added to Andrew's prediction by the re sults of a 
California survey taken to determine the current status of competency 
based education. These results were reported in "Performance Based 
Teacher Education" (1972). Twenty-two of thirty-three college s re-
porting believe they are participating in the competency based education 
movement. 
C BE has been criticized for the use of criterion referenced te sts 
IS 
and the requirement of objectives stated in behavioral terms. Thert:' 
is a danger that objectives involving difficult to measure qualities such 
as appreciation may be slighted. Millman (1970) replies that if such 
objectives are taken seriously by the faculty they have a responsibility 
to provide learning experiences for developing such qualities. 
Criterion referenced testing has been criticized on the basis of 
the difficulty of specifying the universe of tasks and the setting of pro-
ficiency standards. Millman (1970) uses these problems to emphasize 
that the wording of the objective is often less important than the selec-
tion of tasks and criteria. He feels that these problems will be mini-
mized with experience in using this type of evaluation. 
Validation reports on C BE programs in the literature do not appear 
to have kept pace with the proliferation of programs. Validation is 
usually done on course content by experts in the field. The literature 
contains little evidence with respect to surveys conducted of student 
performance after completion of the programs. 
Despite the criticisms of the CBE system it appears to have many 
similarities with the hospital paramedical training described in the 
introduction. Thus, it was decided to use this method in the experi-
ITlental group at Weber State College. 
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Sun'1mary 
A review of the literature has indicated a paucity of findings with 
respect to comparison studies of instructional methods used in college-
based paramedical training programs. There are some published data 
on nursing programs and medical schools, The nursing studies reviewed 
were related to educational innovations such as video taping and pro-
grammed learning methods and the development of nursing curricula. 
The studies concluded that programmed learning and video taping could 
be effective tools but that no definite conclusions could be drawn about 
curricula without more data. 
Literature relating to competency based education is still in the 
philosophical stage s. There have been some studie s regarding com-




Thj s study was concerned with a cOITlparison of the instructional 
methods used in three college - based medical technology clas se s, Spring 
Quarter, 1973. 
Comparisons were made with emphasis on student learning relative 
to gains calculated from pre test scores and post test scores of students 
enrolled in introductory courses in Hematology at the University of Utah, 
Utah State University and Weber State College. 
Sample 
Three sample groups were utilized in this study. The size of each 
sample was dictated by the number of students enrolled in each class 
and the number of students who completed both a pre test and a post 
te st. 
Complete data were obtained on 28 students out of the 45 students 
enrolled in the introductory medical technology class at the University 
of Utah, Spring Quarter, 1973. All of these students were considered 
upper clas smen having completed at least 90 quarter hour s prior to 
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enrollment in the class. 
Complete data were available on all 16 of the students enrolled in 
the introductory Hematology class at Weber State College, Spring Quarter, 
1973. This group was predominantly under classmen. Only three of the 
17 students had completed over 90 quarter hours prior to enrollUlent in 
the class. 
Complete data were available on all 16 of the students enrolled in the 
introductory Hematology class at Utah State University, Spring Quarter, 
1973. Thirteen of these students were just completing their 90 hours and 
three had completed over 90 hours prior to enrollment in the class. 
The three samples were not subgrouped by age, sex or college grade 
point averages as such subgrouping did not appear to add anything to the 
expe rimental des ign. 
Instructional Method 
The instructional method used in the introductory Hematology class 
at the University of Utah was an adaptation of the "classical" or con-
ventional instructional model used in universities and colleges. The 
conventional model is characterized by formal lectures and demonstra-
tions in a lecture hall or laboratory by an instructor who is usually a 
professor on the college faculty. The instructional model for the Uni-
versity of Utah group varied from the conventional model in one way. 
The instructors were working medical technologists associated with the 
University Medical Center Laboratory. These technologists work in the 
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hematology laboratory full-time performing hematological tests. They 
arc not considered part of the full-tirrlc instructional staff in the Depart-
ment of Medical Technology. As the instructors were expected to keep 
up their routine work, lectures and demonstrations we re divided among 
three technologists. 
The instructional method used in th(~ introductory Hematology class 
at Utah Stale University was the Ilclassical ll instnlctional method pre-
viously described. The professor was a Doctor of Microbiology with 
no expe rience as a medical technologist. 
The instructional method used in the Weber State College intro-
ductory hematology class was an adaptation of the competency based 
educational model described in the I'Review of Literature. II The instruc-
tor was a registered medical technologist with an academic ranking in 
the Department of Health Occupations. 
In the student laboratories the instructor to student ratio in all 
three groups was approximately 1: 10. 
Approximately the same course outline and objectives were used in 
all three groups for the entire quarter but the class at Utah State 
University included some clinical chemistry. 
Only one of the three colleges, Weber State College, offers the 
class to freshmen students. 
Data Collection 
Afte r consulting with and obtaining the approval of the instructors 
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for the three classes, copies of the instructional materials and objec-
ti yes we re distributed to the three instructors. 
Prior to administering the pre tests, the instructors were again 
consulted to insure that objectives, time limits and testing methods 
would be adhe red to in each clas s. 
Pre tests were administered by the individual instructors before 
any lectures or demonstrations on blood cells and their identification 
were given. 
After the instructional period the individual instructors adminis-
tered the post tests. Students in the Utah State University class and 
the University of Utah class were informed that the tests would not be 
used in computing their grades for their respective classes. Weber 
State College students we re being taught us ing a competency based 
educational method. The students were required to reach a certain level 
of competency on each objective. They had the option of taking the 
written exan1inations three tinH's without penalty to ,"each this level of 
competency. The three examinations were parallel forms but only 
the first examination on differential blood counts was used in the com-
parison study. 
Lectures were recorded in the classes at University of Utah and 
Weber State College. Using these recordings, required reading lists, 
and class outlines from the Utah State University class, the investigator 
compared material covered with the written objectives in the packet. 
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All materials in the objectives were covered either in lectures or 
assigned reading in a11 three classes. Different aspects were emphas-
ized in a11 three classes but all the required material was available. 
Instruments Used 
The primary instruments used in this study were packets similar 
in design to those initia11y developed by W. James Popham, John D. 
McNeil and others at UCLA in 1964. Their initial concept was modified 
in a series of teaching proficiency tests developed as a result of a 
teaching improvement project, the Danforth Project conducted by the 
University of Utah! s Center to Improve Learning and Instruction, during 
1971-72. This modified version was used in designing the module on the 
evaluation of stained blood smears used in this study. 
The module contained the following: 
1. Topic - Evaluation of stained blood smear. 
2. Suggested Lesson Time Limit - Four hours preparatory study 
time. Four class periods (three hours each) of in-class in-
struction and laboratory applications. 
3. Intended Learners - Undergraduate medical technology students 
enrolled in introductory Hematology classes in various Utah 
universities. 
4. Unit Objectives - Complete list found in Appendix A. 
5. Description of Tests and Sample Test Items - Complete de-
scription found in Appendix A. 
6. Learning Resources Available - Complete list of references 
found in Appendix A. 
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The objectives and content of the packet were evaluated by five 
experts in the field of Hematology for validity of goa] s and educational 
objectives used to obtain these goals. The pre test and post test were 
also evaluated [or clarity and adherence to the objectives. These ex-
perts were drawn from the various hospital facilities in the Utah area. 
They all concurred on the validity of the goals and objectives used. 
However, they questioned several of the items on the pre test and post 
test. Any of the items which did not meet the approval of all five ex-
perts were discarded. 
The pre tests and post tests congruent with the objectives contained 
in the packet were parallel forms containing thirty items, four of which 
referred to Kodachrome slides of actual blood smears (see Appendix B). 
The items were drawn from all three levels of learning - knowledge, 
comprehension and application - as described in Bloom's Taxonomy of 
Educational Objectives. The objectives were written in ascending levels 
according to Bloom's classification. An application level objective 
was measured with an application level question and so on. The questions 
were all multiple choice items which were answered on a separate answer 
sheet. The answer sheets were hand scored by the investigator on both 
the pre te st and po st te st. 
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Statistical Methods 
The following statistical procedures were used to analyze the data: 
(1) analyses of variance; (2) t tests; (3) Newman-Keuls two-step com-
parison of the means; and (4) Bartlett's test for homogeneity of variance. 
Senter (1969) describes analysis of variance as a statistical method 
for comparing samples of measurements for the purpose of estimating 
whether the observed differences among the samples is of a magnitude 
small enough to be attributable to sampling variation alone. It is a 
multi-group test of the null hypothesis which is how it has been used in 
thi s study. 
The following steps for calculating the analysis of variance were 
followed: (1) the total sums of squares were divided into two parts -
a within groups and a between groups sum of squares; (2) these sums 
of squares were divided by the associated degrees of freedom to obtain 
sw2 and sb2 which are the within and between groups variance estimates; 
and (3) the f ratio was calculated by using the following formula: sb2 / sw2 
and referring to a table of f for the significance level. In this study, if 
the probability of obtaining the observed f value was g 05 or less, the 
null hypothesis was rejected. 
Paired t tests were run on the matched pre test and post test scores. 
To insure that the data did not violate the assumption of homogeneity 
of variance which Senter (1969) state s is an important assumption when 
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using the t ratio, Bartlett's te st for homogeneity of variance was calcu-
lated for the pre test scores. 
Senter (1969) in describing the reasoning behind this assuITlption 
state s that the t ratio requires that the variance for the groups involved 
in the analysis to be about equal. This as sUITlption is usually true but 
groups with unequal n's should have this verified before assuITling the 
t ratio calculations are valid. 
As the n for the University of Utah is larger than the other two 
groups, this assuITlption was verified and checked before running the 
paried t tests. 
A paried t test differs froITl the standard t test on one iITlportant 
point - the aITlount of chance variability expected in the scores is con-
siderably less than if the scores were randoITlly selected (Senter, 1969). 
In all other respects the t ratio that results froITl the paired t testing 
is the saITle statistic with the saITle application and interpretation as the 
standard t test. 
In the standard t test the significance of the difference between 
two independent ITleans is calculated using the following forITlula: 
t = D 
SEn 
Here D is equal to the difference of the two ITleans and SED' the standard 
error of the difference of the two ITleans is calculated by: (Senter, 1969) 
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= + 
The paired t ratio calculated in this study was obtained by using 




In this formula SEM is equal to the standard error of the mean of the 
D 
differences and MD is the mean difference. 
A t table was then consulted. The degrees of freedom for paired 
t tests is n-l where n equals the number of pairs ,unlike standard t tests 
where the degrees of freedom is represented by (Nl - 1) + (N2 - 1). 
Significance levels were accepted at or beyond the. as level of confi-
dence. 
To nleasure the amount of actual gain from pre test scores to post 
test scores and to determine whether these gains were significantly 
different one-way analysis of variance on the gain scores was calculated 
as previously de scribed. 
After determining that the f ratios obtained from the one-way analysis 
of variance run on the pre test and post test scores and gain scores showed 
significant differences among the three groups, the Newman-Keuls two-
step comparison of means was run to see whether any two selected means 
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differed significantly. 
Ferguson (1971) discusses various multiple comparison tests in-
cluding Steffe's Method, Duncan's Method and Newman-Keul' s Method. 
The Newman-Keul Method is based on the criterion that the prob-
ability of rejecting the null hypothesis when it is true should not exceed 
.01 or .05 for all ordered pairs regardless of the number of steps they 
are apart. 
In using this method the means are first ranked in order of magni-
tude. Then the difference between every mean and every other mean is 
calculated. This difference is then divided by Sx which is calculated 
using the following formula: 
Sw2 is the sum of the mean squares within obtained on the analysis of 
variance. This gives the studentized range, Q, which is then compared 
to criterion values of Q by entering a Newman-Keuls table of critical 
values of studentized range statistic using degrees of freedom, k and 
the level of significance desired. 
Two means were considered to differ significantly if values were 
obtained at the. 05 level of significance or beyond. 
CHAPTER IV 
FINDINGS 
The results are presented and discussed individually in sequence 
according to the two sets of hypotheses investigated. The following 
statistical procedures were used to arrive at these results: (1) t tests; 
(2) analyses of variance; (3) Newman-Keu1s two-step comparison of 
means; and (4) Bartlett's te st for homogeneity of variance. 
Comparisons Within Groups 
The following null hypotheses apply to comparisons made between 
pre test and post test scores within each group: 
1. There are no significant differences between scores on pre 
tests and post tests of students in the University of Utah group. 
2. There are no significant differences between scores on pre 
tests and post tests of students in the Utah State University 
group. 
3. There are no significant differences between scores on pre tests 
and post tests of students in the Weber State College group. 
The fir st step undertaken was to compute the means and standard 
deviations for pre test and post test scores of students in each group. 

















































































































































































































Paired l tests were run on each group of ]H'P It'HI and post: test s\'urcs. 
Th.i::l data is n~p(,(~HenLcd in Tabk 3. 
TABLE 3 
Paired t Values on Pre Test 
and Post Test Scores 
University of Utah 11. 08 
Utah State University 6.05 
Weber State College 10.68 
Post test scores of all three groups were significantly higher than 
pre test scores (p < .001) regardless of instructional ITlethod used. 
Thus, all three of the null hypothe ses were rejected. 
To insure that the groups did not violate the as sUITlption of hOITlo-
geneity of variance, Bartlett's test for hOITlogeneity of variance was cal-
culated for the pre test scores. The value obtained was 1. 59 which is 
within the liITlit of 3 which indicates that the scores in aU groups had a 
norITlal distribution. 
COITlparisons AITlong Groups 
The following null hypotheses apply to cOITlparisons ITlade among 
the three groups of students taught by three instructional methods: 
1. There are no significant differences across the three colleges 
in ITlean score s on the pre te st s. 
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5. There are no significant differences across the three colleges 
in mean scores on the post tests. 
6. There are no significant differences across the three colleges 
in ITlean gain scores from pre testing to post testing. 
Analyses of variance were run and pre test scores, post test scores, 
and gain scores calculated from pre test and post test scores o The one-




One- Way Analysis of Variance Source Table for 
Pre Tests, Post Tests and Gain Scores 
DEGREES SUM 
SOURCE OF OF MEAN 
FREEDOM SQUARES SQUARES 
Between 2 127.37 63.68 
Within 58 607.39 10.47 
Total 60 734.75 
Post Test I 
Between 2 I 303.79 151. 90 
I Within 58 940.80 16.22 





Between 2 I 464.36 232.18 Gain 1 
Within 58 , 1178.88 20.33 
Scores i 
Total 60 1643.25 













I 9.36 I 







I 11. 42 (p< .001) I 
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The results of these analyses show that there were significant dif-
ferences among the pre test scores (p <.01), post test scores (p <.001) 
and the gain scores (p _,.001). Thus, all three of the null hypotheses 
were rejected. 
After determining that the f ratios obtained from the one-way analy-
ses of variance on the pre test scores, post test scores and gain scores 
were significant, Newman-Keuls two - step comparison of means was 
done to evaluate whether any two selected means differed significantly. 
The results of these analyses are shown in Table 5. 
TABLE 5 
Results of Newman-Keuls Two-Step Comparison 
of Means on Pre, Post and Gain Scores 
PRE TESTS POST TESTS GAIN SCORES 
University of 
Utah 1. 35 7.25 
x N. S. ':< p <.01 p <.01 
Utah State 
Utah State .04 1. 09 2.97 
x p<:.Ol p <. 01 p<'.Ol 
Weber State 
Weber State • 21 
x p<.Ol N. S. >:< N. S. ,!< 
University of 





The comparison of means on pre test scores revealed that both the 
Utah State University and the University of Utah groups had significantly 
higher means than the Weber State College group (p <:: • 01). Differences 
between the University of Utah group and the Utah State University group 
were not significant. 
The comparison of the means of the post test scores showed that 
both the University of Utah and Weber State College groups had signifi-
cantly higher means that the Utah State University group (p .. 01). 
Differences between the means of the Weber State College and the 
University of Utah groups were not significant. 
The comparison of the means of the gain score s paralleled the re-
sults of the post test scores. Both the Weber State College and the 
University of Utah groups showed significantly higher gain scores than 
the Utah State University group (p <:.01). 
The significant difference in scores obtained on the pre test between 
the University of Utah group and thn Weber State College group waH 
not reflected in a significant difference in gain scores. Weber State 
College and the University of Utah mean scores did not differ signifi-
cant1y. 
CHAPTER V 
SUMMARY, DISCUSSION AND CONCLUSIONS 
Summary 
This investigation was concerned with comparing three instructional 
methods used in training medical technologists at the University of Utah, 
Utah State University and Weber State College. 
There were 28 students in the group at the Univer sity of Utah where 
an instructional model similar to the " c las sical" lecture and demon-
stration method was employed. Instructors were practicing medical 
technologists from the University Medical Center Laboratory. The 
Utah State University group contained 16 students and also employed 
the "clas sical" lecture and demonstration model. The instructor was 
a Doctor of Microbiology on the college faculty and had no training in 
medical technology. The Weber State College group contained 17 stu-
dents. The competency based model was used with this group. The in-
structor was a medical technologist on the faculty of the Department of 
Health Occupations. 
In order to compare these three instructional methods, a module 
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was designed around one specific component of ba:-;ic lWlllatological 
knowledge, the diffe renlial blood count. Inc luded in the modulI.:' were: 
(1) topic; (2) suggested teaching and student preparation time; (3) de-
scription of the intended learners; (4) unit objectives; (5) description 
of tests and sample test items; and (6) learning resources available. 
Comparisons of student performance were made using scores obtained 
from pre tests and post tests and gain scores calculated from differences 
between pre test and post test scores. 
The purpose of these comparisons was to evaluate the following: 
1. D:ifferences, if any, ac.ross the three colll~g('s on pre test 
scores of students enrolled in the Introductory Hematology 
classes. 
2. Differences, if any, across the three colleges on post test 
scores of students after exposure to the three instructional 
methods. 
3. Differences, if any, across the three colleges on gain scores 
of students taught by the three instructional methods. 
To implement this purpose six hypotheses were tested for signi-
ficance. They are as follows: 
1. There are no significant differences between scores on pre tests 
and post tests of students in the University of Utah group. 
2. There are no significant differences between scores on pre 
tests and post tests of students in the Utah State University 
group. 
3. There are no significant differences between scores on pre 
tests and post tests of students in the Weber State College 
group. 
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4. There arc no significant differences across the Lht'ce co\legl's 
in mean scores on the pre tests, 
5. There are no significant differences across the three colleges 
in mean scores on the post tests. 
6. There are no significant differences across the three colleges 
in mean gain scores from pre testing and post testing. 
Analysis of variance, t tests, Newman-Keuls two-step comparison 
of the means and Bartlett's test for homogeneity of variance were used 
in testing these hypotheses. The results of this testing are summarized 
below: 
1. Post test scores of all three groups were significantly higher 
than pre test scores (p<. 001) regardless of instructional 
method used. 
2. Significant differences among the three groups were obtained 
for pre test scores (p <. 01), post test scores (p <. 001) and 
gain scores (p <. 001). 
3. Both Utah State University and the University of Utah groups 
had significantly higher means than the Weber State College 
group (p <.01) on pre test scores. Differences between the 
University of Utah and Utah State University groups were not 
significant. 
4. Both the University of Utah and Weber State College groups 
had significantly higher means than the Utah State University 
group (p <. 01) on the post tests. Differences between Weber 
State College and the University of Utah groups were not sig-
nificant. 
5. There are no significant differences across the three colleges 
in mean scores on the post tests. 
6. There are no significant differences across the three colleges 
in mean gain scores from pre testing to post testing. 
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Analysis of variance, t tests, Newman-Keuls two-step comparison 
of the means and Bartlett's test for homogeneity of variance were used 
in testing these hypotheses. The results of this testing are summarized 
below: 
1. Post test scores of all three groups were significantly higher 
than pre te st score s (p<. 001) regardle s s of instructional method 
used. 
2. Significant differences among the three groups were obtained 
for pre test scores (p <.01), post test scores (p <.001), and 
gain score s (p <. 001). 
3. Both Utah State University and the University of Utah groups 
had significantly higher means than the Weber State College 
group (p<. 01) on pre test scores. Differences between the 
University of Utah and Utah State University groups were not 
significant. 
4. Both the University of Utah and Weber State College groups 
had significantly higher means than the Utah State University 
group (p <. 01) on the post tests. Differences between Weber 
State College and the University of Utah groups were not signi-
ficant. 
5. Both the University of Utah and Weber State College groups 
had significantly higher means than did the Utah State University 
group (p <. 01) on gain score comparisons. 
6. The significant difference in the pre test scores between the 
University of Utah group and the Weber State College group 
was not reflected in the gain scores as their mean gain scores 
did not differ significantly. 
Discussion 
Although all groups gained significantly between pre testing and 
post testing, two of the groups had significantly higher means on the 
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post tests and significantly higher mean gain scores. These two groups, 
the University of Utah and Weber State College, had medical technologists 
as instructors. This seems to suggest that it is advisable even in an 
academic setting to have medical technologists teaching medical tech-
nologists on a subject which is integrally related to the routine work 
of the same profe s sion. 
The significantly lower pre test scores of the Wc'ber State College 
group when compared to the University of Utah and Utah State University 
groups are probably a result of this group being composed of predomi-
nantly under classmen in contrast to the upper classmen composition 
of the other two groups. 
Although the field of Hematology is relatively specialized, upper 
class medical technology students would have had more exposure to 
clas se s in biology and physiology in which they could become familiar 
with general concepts relating to blood and blood cells. This familiar-
ity rnight Ill' reflected in the higher pn· t<~st HcorCH of the groltpS cornposed 
of upper classrnen. 
From a cursory examination of the data one would be led to believe 
that the significantly lower pre test scores of the Weber State College 
group coupled with their comparable po st test scores when compared to 
the University of Utah group would give a significant difference in gain 
scores between the groups. However, when the data was statistically 
analyzed for significance, the mean Weber State College group gait"'-
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score did not differ significantly from the University of Utah. This 
may be a result of the large increase in scores of both groups from pre 
to post testing which would tend to "dilute" the effects of the differences 
in pre test scores. 
Another possibility is that error inherent in the computation itself 
may account for the statistically insignificant value. With several methods 
available for performing multiple comparisons much debate concerning 
their use and appropriateness in different situations has arisen. As 
this study was not concerned with statistical variations in multiple com-
parison lists and since the computations are rather involved no other 
multiple comparisons we re run. 
With respect to this controversy, Winer (1962) has compared the 
six methods commonly in use today and, interestingly enough, obtained 
widely disparate indications of significancy depending on the method 
used. The values he obtained for the Newman-Keuls method were inter-
mediate to those values obtained with the conservative Sche££e method 
and the more liberal Duncan multiple range method. Without more evi-
dence it appears there is no one definitive nlethod which can be employed 
to conclusively determine multiple range significancy. 
Although the statistical analysis did not reveal a significant mean 
gain score comparison, when comparing the fact remains that the 
instructional method, competency based education, used with the Weber 
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State College group appeared effective. It succeeded in bringing a sig-
nificanUy lowe I' group of students as n1casured by tfwi /. pl'l' (('sl scon's 
to a level comparable to that reached by the University of Utah group 
using the traditional method. 
Conclus ions 
Pre Test Scores 
The Weber State College group was significantly lower on pre test 
scores when compared with the University of Utah and Utah State Uni-
ve rs ity groups. This may be due to the fact that the Webe r State College 
group was composed of predominantly lower classmen in contrast to the 
upper classmen composition of the other two groups. There was no sig-
nificant difference between the two uppe r clas smen groups from the 
University of Utah and Utah State University. 
Post Test Scores 
All groups gained significantly between pre testing and post testing. 
The University of Utah and Weber State College groups scored signifi-
cantly higher on the post test than the Utah State University group. This 
may be a result of the background of the instructors. Both the Univer-
sity of Utah and Weber State College groups had medical technologists 
as instructors whereas the instructor of the Utah State University group 
was a Professor of Microbiology. The re was no significant difference 
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between the University of Utah and Weber State College groups with 
ITledical technologists as instructor s. 
Mean Gain Score s 
SiITlilar to the results of the post test score cOITlparison, the Univer-
sity of Utah and Weber State College groups showed significantly higher 
gain scores than the Utah State University group. Despite the signifi-
cantly lower pre test scores of the Weber State College group and their 
subsequent increase on post test scores to a level cOITlparable with the 
University of Utah group, there was no statistical difference between 
the two schools when the ITlean gain scores were compared. The reason 
for this re sult is not readily apparent. It ITlay be derived from the fact 
that both groups showed large increases froITl pre testing to post testing 
or froITl the error inherent in forITlulas used presently in calculating 
ITlultiple range cOITlparisons. 
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APPENDIX A 
DIFFERENTIAL BLOOD COUNT MODULE 
Topic: 
Evaluation of Stained Blood Smear. 
Suggested Lesson Time Limit: 
Four hour s preparatory study time. Four clas s periods (three 
hours each) of in-class instruction and laboratory applications. 
Intended Learners: 
Undergraduate medical technology students enrolled in Introduc-
tory Hematology classes in various Utah universities. 
Unit Obj ective s: 
Are described in separate enclosure. 
Description of Tests: 
The pre test and post test are identical in format but contain different 
parallel questions. Each test is composed of multiple choice test items 
with separate answer sheets. There will be a total of thirty items. 
Items will be included which utilize Kodachrome slides of stained blood 
cells. Items will be drawn from all three levels of learning - knowledge, 
comprehension and applicatio~ - as described in Bloom's Taxonorr"y of 
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of Educational Objectives. The objective s are also written in ascending 
level according to Bloom's Taxonomy. An application level objective 
will be measured with an application level question and so on. 
Sample Items: 
Knowledge Level 
The largest cell found in normal blood is the: 
a. Lymphocyte 
b. Neutrophilic band cell 
c. Neutrophilic segmented cell 
d. Monocyte 
c. Eosinophilic segmented cell 
Comprehension Level 
If a patient has a white cell count of 10,000 and a differential showing 
300/0 monocytes and 70% lymphocytes, his absolute monocyte count 
could be: 
a. 7, 000 I mm 33 
b. I 0, 000 Imm 
c • 3, 000 I mm 3 
d. I 5, 000 I mm 3 
e. Could not calculate from above data 
Application Level 
In a good Wright stain the film will appear pink. If the smear 1S 
too blue you should: 
a. Use more stain and more diluent 
b. Use more stain and less diluent 
Co Time of staining may be increased and washing c.ecreased 
d. Time of staining may be decreased and washing increased 
e. Use more stain and increase tinie of staining. 
Objectives 
A. Smears - Preparation and Staining 
1. The student will be able to de scribe: 
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a. Methods used for preparing coverslip and slide smear 
and advantages and disadvantages for each method. 
b. Principle of polychrome stains and two modifications of 
original Romanowsky's stain. 
c. Characteristics of a well prepared smear including stain 
and distribution of cells. 
2. The student will be able to demonstrate proper procedure for 
making a blood smear using both coverslip and slide techni-
ques. 
3. The student will be able to demonstrate proper procedure m 
staining the cells using Wright's stain. 
B. Smear Evaluation 
1. The student will be able to describe: 
a. Characteristics of normal and abnormal red blood cells 
with respect to staining, size, shape and inclusion bodie s. 
b. Characteristics of normal and abnormal white blood cells. 
c. Characteristics of normal and abnormal platelets. 
d. Changes which take place in RBC and WBC as they mature. 
2. The student will be able to evaluate a smear for staining and 
distribution of cells. 
3. The student will be able to evaluate and describe erythrocytes 
for size, shape, color and abnormal forms. 
4. The student will be able to evaluate and describe platelets for 
estimated number and morphologic abnormalities. 
5. The student will be able to evaluate and describe leukocytes 
for number and morphologic abnormalities. 
6. The student will be able to perform a differential count on leuko-
cytes. 
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7. The student will be able to evaluate and describe ten unknown 
smears, RBC, WBC and platelets will be evaluated for number, 
morphology and abnormalities. Differential counts nlust be 
within two standard deviations of as signed value obtained by 
medical technologists in the hemotology laboratory. 
Suggested Hematology Texts 
Cartwright, George. 1966. Diagnostic Laboratory Hematology (3rd 
Edition). Grune & Stratton, New York. 
Davidsohn, 1. and Henry, J. 
Methods. (14th Edition). 
Philadelphia. 
1969. Clinical Diagno sis by Laboratory 
Todd-Sanford. W. B. Saunders Co. 
Miale, John. 1972. Laboratory Medicine Hematology (4th Edition). 
C. V. Mosby. New York. 
Rapaport, Samuel. 1971. Introduction to Hematology. Harper & Row. 
New York. 
Seiverd, Charles. 1971. Hematology for Medical Technologists (4th 
Edition). Lea & Febiger. Philadelphia. 
Wintrobe, Maxwell. 1967. Clinical Hematology (6th Edition). Lea & 




This is a test to assess any background or prior knowledge you may 
have concerning blood smear evaluations and differential counts. It 
will not be used to determine your grades. Although it will not be used 
for grading purposes, try to answer as many questions as you can. Do 
not spend too much time on anyone question. 
The questions have only one answer. Circle the letter corresponding 
to your answer on the separate answer sheet. You may use the question 
booklet for calculations and figuring. 
1. The major advantage of coverslip blood smear preparations over 
slide preparations is that they: 
a. Give good distribution of WBC' s. 
b. Give poor distribution of WBC's. 
c. Give poor distribution of RBC's. 
d. Are easier to handle. 
e. Are easier to store. 
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2. Romanowsky's original polychrome stain was based upon the fol-
lowing principle: 
a. A mixture of acid and basic dyes gives a neutral dye. 
b. A mixture of acid and basic dyes retains individual staining 
properties and develops new staining properties. 
c. A mixture of acid and basic dyes gives an acid dye. 
d. A mixture of acid and basic dyes loses individual staining 
properties but develops new staining properties. 
e. A mixture of acid and basic dyes gives a basic dye. 
3. Wright's stain is a methyl alcohol solution of: 
a. An acidic dye, methylene blue and a basic dye, eosin. 
b. An acidic dye, eosin, and a basic dye, methylene blue. 
c. An acidic dye, hematoxlyin and a basic dye, brilliant cresyl 
blue. 
d. An acidic dye, brilliant cresyl blue and a basic dye, hema-
toxylin. 
e. An acidic dye, methyl violet and a basic dye, prussian blue. 
4. In a good Wright stain the film will appear pink. If the smear is 
too blue you should: 
a. Use more stain and more diluent. 
b. Use more stain and Ie s s diluent. 
c. Time of staining may be increased and washing decreased. 
d. Time of staining may be decreased and washing increased. 
e. Use more stain and increase time of staining. 
5. A well prepared smear stained with Wright's stain: 
a. Will appear pink to the naked eye. 
b. Will appear blue to the naked eye. 
c. Will have precipitated stain in area between cells. 
d. Will have eosinophils with blue black granules. 
e. Will have basophils with red granules. 
6. The largest cell found in normal blood is the: 
a. Lymphocyte. 
b. Neutrophilic band celL 
c. Neutrophilic segmented cell. 
d. Monocyte. 
e. Eosinophilic segmented cell. 
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7. In a normal differential white c ell count which cell would be pre-
sent in the least amount? 
a. Neutrophilic segrnentcd cclL 
b. Eosinophilic segmented cell. 
c. Basophilic segmented cell. 
d. Lymphocyte. 
e. Monocyte. 
8. If a patient has a white cell count of 10, 000 and a differential showing 







9. Which of the following is not considered an erythrocyte inclusion? 
a. Howell-Jolley bodies. 
b. Basophilic stippling. 
c. Cabot rings. 
d. Heinz bodie s 
e. Auer bodies. 
10. When the hemoglobin in the erythrocytes is below normal, the con-
dition is referred to as: 
a. Microcyto sis. 




11. The immediate precursor of the neutrophilic band cell is the: 
a, Neutrophilic segmented celL 
b. Progranulocyte. 
c. Neutrophilic myelocyte. 
d. Myeloblast. 
e. Neutrophilic metamyelocyte. 





e • Polychromatophilic. 
Match the following RBC de scriptions with their definitions: 
13. Anisocytosis a. Oval in shape 
14. Schistocytes b. Variation in size 
15. Poikilocytosis c. Variation in shape 
16. Target cell d. Red cell fragment 
17. Elliptocyte s e. Leptocytes 
Match the following WEC descriptions with their description: 
18. Monocyte a. Sausage shaped nucleus, chroma-
tin coarse, deep blue. 
19. Basophil b. Lobulated nucleus, fine pink 
granules. 
20. Lymphocyte c. Usually two lobes, large red 
granules. 
21. Eosinophil d. Nucleus eccentric, sky-blue 
cytoplasm. 
22. "Band" e. Delicate indented nucleus, light 
gray vacuolated cytoplasm. 
23. Segmented neutrophil f. Lobulated nucleus, black granules 
24. The younge st cell in the granulocytic series of white cells is the: 
a. Progranulocyte 
b. Neutrophilic segmented cell 
c. Neutrophilic band cell 
d. Neutrophilic metamyelocyte 
e. Myeloblast 
25. Turk cell is an old name for a: 
a. Lymphocyte 
b. Monocyte 
c. Neutrophilic band cell 
d. Neutrophilic metamyelocyte 
e. Proplasmacyte 
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26. Given the following results of a differential white count: 20 neutro-
philic segmented cells; 75 normal lymphocytes; 1 eosinophil; and 
4 monocytes, the evaluation would be: 
a. This report is abnormal because of the low number of eopsinophils. 
b. This report is abnormal because there is a high number of lympho-
cytes in relation to the neutrophils. 
c. This report is abnormal because of the low number of monocytes. 
d. This report is abnormal because there are no basophils. 
e. This report is normal. 
The following questions refer to Kodachrome slides: 
27. Slide 11: The three cells (from a-c) can be identified as: 
a. Lymphocyte, monocyte, granulocyte. 
b. Lymphocyte, granulocyte, monocyte. 
c. Monocyte, lymphocyte, granulocyte. 
d. Monocyte, granulocyte, lymphocyte. 
e. Granulocyte, lymphocyte, monocyte. 
28. Slide 13: The four cells are examples of: 
a. Monocytes 
b. Lymphocyte s 
c. Granulocyte s 
d. Basophils 
e. Eosinophils 
29. Slide 10: Identify the elements indicated by the arrows: 





3 O. Slide 1-25: Some of the red cells on this slide are examples of: 
a. Target cells 




l. a b c d 
2. a b c d 
3. a b c d 
4. a b c d 
5. a b c d 
6. a b c d 
7. a b c d 
8. a b c d 
9. a b c d 
10. a b c d 
11. a b c d 
12. a b c d 
13. a b c d 
14. a b c d 
15. a b c d 
16. a b c d 















































b c d e f 
b c d e f 
b c d e f 
b c d e f 
b c d e f 
b c d e f 
b c d e 
b c d e 
b c d e 
b c d e 
b c d e 
b c d e 




Answer the following questions on the separate answer sheet. Circle 
the letter corresponding to your answer. The questions have only one 
correct answer. You may use the question booklet for calculations and 
figuring. 
1. In a slide blood smear preparation: 
a. Granulocytes and monocytes are found on the periphery and 
lymphocytes in the center of the smear. 
b. Granulocytes and monocytes are found in the center and lympho-
cyte s on the periphery of the smear. 
c. Lymphocytes and monocytes are found in the center and granulo-
cytes on the periphery of the smear. 
d. Lymphocytes and granulocytes are found on the periphery and 
monocytes in the center of the smear. 
e. The distribution is random without areas of special cell concen-
trations. 
2. The major advantage of slide blood smear preparations over cover-
slip preparations is: 
a. Their cost 
b. Their ease of handling 
c. Their distribution of WBC I s 
d. Their distribution of RBC I S 
e. Their distribution of platelets 
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3. The blood on a good blood s.mear will .make a gradual transition fro.m 
a concentrated area to a thin area without extending over the end 
of the slide. If your smear extends over the end of the slide you: 
a. Did not use enough blood to make the smear. 
b. Used too much blood to make the smear. 
c. Did not push the spreader quickly enough. 
d. Pushed the spreader with a jerky motion. 
e. Raised the spreader before completing the smear. 
4. Wright's stain is a modification of: 
a. Koch's acid fast stain. 
b. Grunwal's PAS stain. 
c. Bulinksky's Prussian blue stain. 
d. Romanowsky's polychrome stain. 
e. Dameshek ' s supravital stain. 
5. In a good Wright stain the film will appear pink. If the smear is 
too red: 
a. The staining time is too long. 
b. The stain is precipitating on the slide. 
c. The stain is unevenly distributed, 
d, The buffer solution is too basic. 
e. The buffer solution is too acid. 
6, The smallest WBe found in normal blood is the: 
a, Lymphocyte 
b. Monocyte 
c, Neutrophilic segmented cell 
d. Neutrophilic band cell 
e. Plasmacyte 







8. How would you dj stingnish a neutrophilic llly,'lnl'yl(' [1'0111 a nellt !'()-
philic metamyelocyte? 
a. Former has 1 nucleoli; latter has 3 nucleoli. 
b. Former has red granules; latter has purple granules. 
c. Forrner is small; latter is large. 
d. Former has round or oval nucleus; latter has indented nucleus. 
e. Former has granules; latter has no granules. 
9. If a patient has a white cell count of 3, 000 and a differential showing 
70% lymphocytes, 28% neutrophilic segmented cells and 2% monocytes, 
his absolute lymphocyte count would be: 
a. 2, 100/mm3 




10. "Shift to the left" means: 
a. irreversible coagulation. 
b. Increase in iITlmature cells. 
c. Increase in rrlOnocyte s. 
d. Decrease in erythrocytes. 
e. Terminal leukemia. 






12. On a peripheral blood SITlear platelets are said to be norITlal if: 
a. There is an average of 35-40 per oil immersion field. 
b. There IS an average of 25-30 per oil immersion field. 
c. There IS an average of 20-25 per oil immersion field. 
d. There is an average of 5 - lOpe r oil imme r s ion field. 
e. There is an average of 1-5 per oil immersion field. 
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14. Howell-Jolly bodies a. Basophilic iron containing 
granules. 
15. Cabot rings b. Nuclear rem.nants 
16. Basophilic stippling c. Loop- shaped structures 
17. Reticulocytes d. Precipitate of denatured hemo-
globin 
18. Heinz bodie s e. Coarse dark granules derived 
from. endoplasm.ic reticulum.. 
19. Pappenheim.er bodies f. Basophilic reticulum. under 
vital stain. 
20. The im.m.ediate precursor of the m.yelocyte is the: 
a. Neutrophilic band cell 




21. Which of the following is not present in normal peripheral blood? 




e. Neutrophilic band cell 
22. A hypochrom.ic red blood cell has: 
a. A blue-gray tinge to the cytoplasm.. 
b. Blue granules in the cytoplasm. 
c. A thin rim. of hem.oglobin. 
d. Free iron in the cytoplasm.. 
e. Cytoplasm.ic RNA. 
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23. The younge st cell in the erythrocytic series is: 





24. Target cells are also known as: 
a. Siderocytes 
b. Leptocyte s 
c. Schistocytes 
d. Elliptocytes 
e. Ovalocyte s 
25. Which cell is not an immature member of the granulocytic series? 
a. Myeloblast 
b. Neutrophilic metamyelocyte 
c. Promyelocyte 
d. Neutrophilic segmented cell 
e. Neutrophilic myelocyte 
26. Given the following results of a differential white cell count: 2 
band cells, 65 segmented cells, 25 lyrnphocytcs, 2 monocytes, () 
eosinophils, 1 basophil, WBC count 5, 000, the evaluation would be: 
a. This report is normal. 
b. This report is abnormal because of abnormally increased 
eosinophils. 
c. This report is abnormal because of the low number of monocytes. 
d. This report is abnormal because there is a high number of 
neutrophils in relation to lymphocytes. 
e. This report is abnormal because of the low number of band cells. 




d. Plasma cells 
e. Band cells 
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28. Identify the cells on the slide (2)~ 
a. LYlTIphocytes 
b. Monocytes 
c. Myelocyte s 
d. PlaslTIa cells 
e. Nucleated red blood cells 




d. Band cell 
e. Granulocyte 






I. a b c d e 
2. a b c d e 
3. a b c d e 
4. a b c d e 
5. a b c d e 
6. a b c d e 
7. a b c d e 
8. a b c d e 
9. a b c d e 
10. a b c d e 
1I. a b c d e 
12. a b c d e 
13. a b c d e 
14. a b c d e 
15. a b c d e 
16. a b c d e 
17. a b c d e 
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